shows the manifold used.
Effect of diluent
Reagents behave identically. If they do not, the results of the tests will be inaccurate.
When using an AutoAnalyzer, errors will arise if the rates of dialysis of the standards and the tests are different. Inorganic phosphate can exist in three ionic forms and each form may have a different dialysis constant. When the pH is below 3, most of the phosphate is in the form of the H 2PO-. ion; when the pH is about 7 much of the phosphate is in the form of the HPOl-ion; and when the pH is above 12.6, the phosphate is mostly in the form of the PO."-ion.
To investigate the effect of the diluent on the rate of dialysis of the specimens and the calibration standards, the following experiment was carried out. A lyophillised serum, whose composition we had carefully determined beforehand, was diluted with 5 ml of water instead of the normal 10 ml, After making due allowance for the volume of the dried solids, this concentrated serum was diluted to give a series of eight 'serum standards'. The concentration of these serum standards varied from 1 to 15 mg of inorganic phosphate per 100 ml, A range of eight aqueous standards was also prepared. For each serum standard there was a corresponding aqueous standard with the same inorganic phosphate content.
The aqueous standards and the serum standards When using any automated system of analysis, the were analysed using first 1 % sulphuric acid and assumption is made that the standards and the tests then 0.85 % saline as both the diluent and the 168 Principle Diluent 1 % (vjv) sulphuric acid in distilled water.
Add 1 ml octan-z-ol per litre.
Colour reagent Dissolve 1.25 g of ammonium metavanadate in 400 ml 50% (vjv) nitric acid. Dissolve 50 g ammonium molybdate in 400 ml of water separately. Pour the molybdate solution slowly and with stirring into the vanadate. Dilute to 1 litre with distilled water and mix.
Serum is diluted with and dialysed into 1% sulphuric acid. Inorganic phosphate in the dialysate is coupled with a molybdivanadate reagent. The resulting complex is yellow; the intensity of the colour is measured at 403 nm (or, less efficiently, 420 nm).
Over the last 50 years, scores of variants have been published of Bell and Doisy's (1920) method for measuring inorganic phosphate in serum. The very number of modifications that have been proposed is perhaps the most telling criticism of the method.
In principle, the method is simple. It consists in coupling the inorganic phosphate with molybdate, reducing the phosphomolybdate complex to molybdenum blue, and finally measuring the molybdenum blue colorimetrically. Bell and Doisy used hydroquinone to reduce the phosphomolybdate. Nearly all the later methods use either a different reducing agent or perform the reduction under different conditions. Most of the reducing agents that have been employed are either unstable or troublesome to prepare. Some are both.
We describe here a method that requires no reducing agent. Apart from a simple diluent, it employs only one reagent which seems to be stable almost indefinitely. We have adapted the method for use on the Technicon AutoAnalyzer. receptor streams. Figures 2 and 3 show the results of the experiment. 
Within-batch coefficient 0/ variation
The within-batch coefficient of variation is often used as a measure of the precision of a method of analysis. It is sometimes calculated from the results obtained by consecutively analysing many portions of the same serum.
There are two objections to this procedure. First, the procedure minimises the effect of cross contamination of the specimens. Each specimen may contaminate the following specimen; but because its neighbour is identical with itself, the effect of contamination will not be evident. Secondly, the analyst may be influenced by his knowing that each specimen is identical. He may be guilty of biasing his results-albeit subconsciously-by rounding them off towards the expected value.
To ensure that the opportunity for cross examination occurred, we placed portions of a pooled serum in alternate cups on the AutoAnalyzer sampler plate and interspersed them with randomly chosen samples. The coefficient of variation was calculated from the results obtained on the samples of pooled serum.
In this laboratory, the AutoAnalyzers are on-line to a computer and the computer is programmed to
Comparison with the phosphomolybdate reduction method
The opportunity arose during a quality control survey to compare the results given by the vanadate method with those given by the more conventional phosphomolybdate reduction method.
Over a period of 10 weeks, we exchanged serum specimens with a laboratory in a neighbouring city. Thirty-seven specimens were analysed in both laboratories. We analysed the sera by the vanadate method; the other laboratory used the Technicon N4b method.
By the method of least squares, the regression equation was calculated that related the results given by the vanadate method (V) with those given by the phosphomolybdate reduction method (M). The equation found was:
The correlation coefficient, r, was 0.9738 showing that there is excellent agreement between the two methods.
behaved differently. The recovery from the serum standards was lower than the recovery from the aqueous standards. It seems reasonable to assume that this is due to the effect of the higher pH on either the ionic form of the phosphate or on the properties of the membrane, or both. When dilute sulphuric acid was used as the diluent, the pH's of the diluted aqueous and the serum standards in the donor streams were both below 1.5. Figure 2 shows that the serum and aqueous standards behave identically under these conditions.
When saline was used as the diluent, the pH of the diluted aqueous standards in the donor stream was 5.9 and the pH of the serum standards in the donor stream was between 7.9 and 8.1. Figure 3 shows that the serum standards and the aqueous standards 
DISCUSSION
The vanadate method for measuring inorganic phosphate is by no means new. Misson (1908) described the reaction, and Simonsen et al. (1946) , applied it to measure phosphate in serum.
It is in common use in industrial chemistry, but has never found favour with clinical chemists. It is not clear why.
Apart from the diluent, it uses only one reagentand this economically. The final colour is stable, and so too is the colour reagent. We have used one batch of reagent for over two years without its showing any appreciable loss of activity. The reagent may, however, develop a crystalline deposit on standing, and if the reagent lines are left permanently in the reagent, they may become blocked. Henry (1946) states that the method does not obey Beer's Law. Figure 2 shows that this is not true. Henry also found that the vanadate method gave results that were between 0.2 and 0.3 mgflOO ml higher than the phosphomolybdate reduction method. This too is contrary to our experience.
A valid criticism of the method is that it is not so sensitive as the phosphomolybdate reduction methods. Figure 4 illustrates the sensitivity of the method (and incidentally illustrates that carry-over is negligible). The peaks shown are very adequate for the purpose of measuring inorganic phosphate in serum, but the method uses about 0.3 ml serum and so cannot be considered highly sensitive. Nevertheless, we believe that the rather large volume of serum used is in normal circumstances a small price to pay for the advantages the method has to offer. 
SUMMARY
An automated colorimetric method is described for measuring inorganic phosphate in serum. Its main virtues are that apart from a simple diluent, it employs one reagent only, and employs it sparingly. The reagent remains stable for months.
Results by this method are in excellent agreement with those given by the more conventional phosphomolybdate reduction methods.
